The names and hospital numbers of patients who had specimens processed and tested by the National Institute of Communicable Diseases (NICD) for pp65 antigen and/or shell vial culture were requested from NICD. Hospital records of these patients were retrieved and reviewed. Congenital CMV-infected neonates (pp65 and/or shell vial urine culture positive) were compared with congenital CMV-uninfected neonates among the tested neonates.
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Congenital cytomegalovirus (CMV) infection has been reported in as many as 23% of neo nates born to mothers infected with HIV. [1] Congenital CMV infection has also been shown to be more common in HIV-infected infants than in HIV-uninfected infants, and to lead to a more rapid progression of HIV infection in infected infants. [1] Co-infection with CMV and HIV has been shown to occur in up to 50% of infants born to HIV-infected mothers. [2] About 30% of mothers attending antenatal clinics in South Africa (SA) are HIV-positive. [2] A similar percentage has been noted among pregnant women attending antenatal care and/or delivering at Chris Hani Baragwanath Academic Hospital (CHBAH), a public government hospital. It is a common clinical practice in the neonatal unit of this hospital that neonates are investigated for CMV infection if born with thrombocytopenia, hepato/ splenomegaly with or without thrombocytopenia and conjugated hyperbilirubinaemia. The number of patients presenting with the above clinical signs and laboratory findings have been noted to be increasing in parallel with the increase in HIV prevalence rate among pregnant mothers attending antenatal care in the hospital. Although all patients with hepato/splenomegaly and thrombocytopenia were investigated for CMV infection, not all of them had positive results. Therefore, in this study we compared CMV-infected and -uninfected neonates among those who were investigated and who had available laboratory results for CMV testing. Our hypothesis was that neonates with congenital CMV infection will have specific characteristics that identify them from those without congenital CMV infection. Congenital CMV infection was defined as a positive urine shell vial culture for CMV and/or a positive pp65 antigen in neonates tested before 21 days of life.
Methods

Study design
This was a descriptive study using a retrospective study design. Hospital clinical records of neonates who had specimens sent to the laboratory for urine shell vial culture and/or pp65 antigen test were reviewed.
Study population
The study sample included all patients who were admitted to the CHBAH neonatal unit and who had been investigated for suspected congenital CMV infection (i.e. who had urine shell vial culture or pp65 results) during the period from 1 January 2004 to 31 December 2008.
Setting
This study was conducted at CHBAH, a public government hospital in Johannesburg with 2 888 hospital beds, which serves the community of Soweto and is a referral centre for the southern part of Gauteng Province. Over the study period, the annual number of live births increased from 18 565 in 2004 to 22 849 in 2008. All sick neonates born in this hospital are admitted to the neonatal unit.
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Data collection
The information collected included maternal and neonatal characteristics. The maternal characteristics included maternal age, parity, rapid plasma reagin (RPR) and HIV status. The neonatal characteristics included chronological age (days) at testing, gender, gestational age (weeks), weight (grams), length (centimetres) and head circumference (centimetres) at birth, neonatal clinical and laboratory data recorded in the hospital charts of the neonates at time of CMV testing and inpatient outcome.
Definitions
• Congenital CMV infection: positive urine shell vial culture and/or positive pp65 antigen test, within the first 3 weeks of life.
• Hepato/splenomegaly: the presence of hepatosplenomegaly, hepatomegaly or splenomegaly.
• Persistent thrombocytopenia: a platelet count <150 × 10 9 /L reported on at least two consecutive blood tests.
• Leukopenia: a total white cell count of <5 × 10 9 /L. • Elevated alanine aminotransferase (ALT):
γGT >132 U/L. [3] Data capturing and analysis 
Ethical considerations
A coded number was allocated to each study patient to maintain confidentiality. The patients' identifiable factors were recorded and kept separately from the primary data for analysis.
Approval to perform this study was granted by the University of the Witwatersrand Human Research Ethics Committee (ethics clearance number: M080102) and the hospital protocol review committee.
Results
Descriptive statistics
During the 5-year study period from January 2004 to December 2008, a total of 177 neonates were tested for suspected CMV infection within the first 21 days of life; 28 were confirmed CMV cases (16%). Hospital records were retrieved for 86% (24/28) and 42% (62/149) of the patients who were confirmed to be congenital CMV-positive or CMV-negative, respectively (Fig. 1) . 
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Congenital CMV infection among neonates
During the 5-year study period, the total number of live births was 106 159, with 28 neonates having confirmed congenital CMV infection, giving an incidence of 0.26/1 000 live births (range 0.13 -0.59) or 0.026% (range 0.013 -0.059%) ( Table 1) . Table 2 shows the maternal characteristics for those neonates with congenital CMV infection. The categories are representative of teenage (13 -19 years), child-bearing age (20 -34 years) and advanced maternal age (≥35 years) pregnancies. The majority of pregnancies were in mothers of child-bearing age (71%) or mothers with less than three pregnancies (50%). Just over a third of patients were born by caesarian section. One patient was born to a mother who had a positive RPR. The majority of neonates with congenital CMV infection (19/24; 79%) were born to HIV-positive mothers. There were no statistical differences in maternal age, number of pregnancies, mode of delivery and maternal RPR results between the CMV-negative and CMV-positive neonates. The neonates who were CMV-positive were more likely to be born to mothers who were HIV-positive (HIV-exposed) (n=19/24 (79%) v. n=27/62 (44%); p =0.003).
Maternal characteristics
CMV testing and demographic characteristics
Among the neonates with congenital CMV infection, 92% had low birth weight, 83% were born preterm, 29% were small for gestational age (SGA) and 17% had microcephaly (Table 3 ). There were no significant differences between the incidence of SGA among the congenital CMV infected and uninfected (p=0.49). The common reasons for suspecting CMV were hepato/ splenomegaly and thrombocytopenia. Other indications included jaundice, chronic lung disease, anaemia and leukopenia. The clinical presence of hepato/splenomegaly was more common in the CMV-infected infants than in the uninfected infants (p=0.02).
Complete blood counts and biochemical indices
Patients with CMV infection had thrombocytopenia (93%), and presented with direct hyperbilirubinaemia (42%), abnormal ALT concentration (42%) and/or abnormal γGT concentration (50%). Neonates in the congenital CMV-positive group were more likely to have lower platelet counts (p=0.004) compared with CMV-uninfected neonates. There were no significant differences for other laboratory parameters (Table 4) . Table 5 reflects the neonatal HIV status based on HIV polymerase chain reaction (PCR) testing done at the chronological age of 6 weeks. The CMV-infected neonates had a high HIV transmission rate, with 13/19 who were HIV exposed being HIV-positive (HIV transmission rate of 68%), compared with 9/27 HIV exposed being HIV-positive (HIV transmission rate of 33%) in the CMVuninfected group (p=0.02).
HIV exposure and infection
Mortality
The neonates who had congenital CMV were more likely to die (mortality rate 42%) than the CMV-negative (mortality rate 18%) (p=0.01), especially if they were HIV exposed (47% v. 15%, p=0.02) or HIV infected (62% v. 11%, p=0.02) ( Table 6 ).
Discussion
CMV is the most common congenital infection worldwide. However, signs and symptoms are present in only 10% of cases, with up to 90% of these symptomatic congenital CMV-infected neonates developing neurosensory and/or neuromotor impairment. [4] In this single-centre study, hospital records of neonates with suspected and investigated congenital CMV infection were retrospectively reviewed. Comparisons between CMV-infected and -uninfected were made. The presence of thrombocytopenia was the most common reason for suspecting congenital CMV infection. Findings of significance included the tendency for the symptomatic congenital CMV-infected neonates to be HIV exposed and/or HIVinfected, and hepato/splenomegaly being the dominant finding on clinical examination. Neonates who were CMV infected had much lower platelet counts compared with the CMV uninfected. Mortality before hospital discharge was higher in the CMV-infected group, HIV-infected and male neonates. The incidence in this 5-year study period was 0.026%, which is much lower than that reported by Schoub et al., [5] where they tested 2 250 asymptomatic neonates and reported a prevalence of 0.13% (95% CI 0.5 -0.39). The reason for the difference in prevalence between the two studies is most likely twofold. Firstly, Schoub et al. [5] used serology to diagnose CMV infection, whereas in this study we used a shell vial culture and/or pp65. 
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CMV serology tends to give false-positive and false-negative results. Secondly, Schoub et al. [5] tested all babies born to mothers with reactivated CMV infection during their pregnancy, while in the current study only symptomatic newborns were tested irrespective of time of acquisition of maternal CMV infection. Kenneson and Cannon [6] performed a systemic review to determine worldwide birth prevalence of symptomatic congenital CMV infection. They found an overall birth prevalence of 0.07% (95% CI 0.03 -0.56), which is similar to the current study.
In this retrospective review, the most common indication for CMV testing in neonates within the first 3 weeks of life was either the clinical presence of hepato/splenomegaly or evidence of thrombocytopenia. Comparative analysis confirmed a significant association between the presence of severe thrombocytopenia or hepato/splenomegaly, and congenital CMV infection. In the study by Boppana et al., [7] thrombocytopenia and hepato/ splenomegaly was present in 76% and 60% of their congenital CMV-infected cohort, respectively. In the American cohort of Kylat et al., [8] thrombocytopenia and hepato/ splenomegaly were reported as 40 -45% and 90% prevalent, respectively.
During the study period, the prevalence of HIV infection in mothers attending an antenatal clinic in Gauteng was 30.4%. [9] This record review was done during the era when mother-to-child transmission of HIV was prevented by intrapartum singledose nevirapine (NVP) to the HIV-infected mother followed by a single oral dose of NVP syrup to the HIV-exposed neonate at birth. Subsequent HIV testing in the neonate was performed at the chronological age of 6 weeks. In the study by Gray et al., [10] where neonates were randomised within 24 h of delivery to receive either a single oral dose of NVP or zidovudine, the authors reported an HIV transmission rate of 11.9% in the NVP arm of their cohort (tested prior to 6 weeks of age). This is lower than the transmission rate in the current study of 33% in the CMV-uninfected and 68% in the congenital CMV-infected infants. The infants in this study were born with signs or laboratory findings that suggested that they might have acquired HIV infection in utero.
Testing most infants at 6 weeks could have led to exaggeration of perinatal or postnatal transmission rate.
Guibert et al. [1] reported on a multicentre cohort of HIV-exposed neonates who showed a higher prevalence of congenital CMV infection in those neonates who had been HIV exposed and subsequently become HIV infected (67% v. 42%; p<0.001). The study did not include a control population to assess the transmission of in utero CMV infection in neonates born to HIV-uninfected mothers. Also, there was no comment on the association of congenital CMV infection in HIV-exposed neonates who were subsequently deemed HIV-negative at 6 weeks of age.
[1] Slyker et al. [11] compared a cohort of 51 Kenyan HIV-exposed infants with a control group that was HIV unexposed and therefore HIV uninfected (n=13). The authors reported congenital CMV in 29% and 2.7% of HIVexposed and -infected, and HIV-exposed and -uninfected neonates, respectively. All neonates were congenital CMV-negative in the control group. [11] Their results suggested that infants born to HIV-positive mothers are more likely to acquire CMV infection than in those born to HIV-negative mothers, especially if they are also HIV infected. Unknown, n 22 6 CMV = cytomegalovirus; Hb = haemoglobin; SD = standard deviation; ALT = alanine aminotransferase; γGT = gamma-glutamyl transferase. 
Our study showed the outcome of mortality before hospital discharge to be significantly higher in the congenital CMV-infected subgroup of neonates (42% v. 16%; p=0.01). The major independent poor prognostic factor for the adverse short-term outcome of death before hospital discharge was male gender (p=0.004); male neonates were 23 times more likely to die before hospital discharge (p=0.04). This compares with studies by Boppana et al., [7] who reported a mortality rate of <5% in the symptomatic CMV-infected neonates, and Kylat et al., [8] who reported a mortality rate of 7% in their cohort, with significant risk of adverse outcomes if there was abnormal brainstem evoked response audiometry (BAER) (odds ratio (OR) 8.7), head ultrasound (OR 8.5) or brain computed tomography scan (OR 21.0) at presentation. The presence of female gender, and abnormal abdominal or cerebral findings was reported by Maruyama et al. [12] as predictors of adverse outcome. Bristow et al. [13] reported mortality in 41% of neonates while Townsend et al. [14] reported a mortality rate of 10.5% in congenital CMV-infected neonates. The difference in the mortality rate between our study and other studies is that 54% of patients in this study were HIV infected and 38% had very low birth weight. These HIV-infected neonates could have been infected in utero, which could translate to higher mortality rates. [15] In addition, the high mortality rate in our study could be related to delays in initiating antiretroviral treatment.
One of the main strengths of this study was the high number of neonates with symptomatic congenital CMV infection from a single centre. The main limitations of this study include the retrospective nature of the study and the inability to retrieve all the patient records of the congenital CMV-negative neonates. The HIV-exposed neonates were only tested for HIV infection at 6 weeks of life. These HIV-exposed, HIVinfected neonates may have acquired HIV prior to 6 weeks of life.
Conclusion
Neonates presenting with hepato/splenomegaly and thrombocytopenia at birth, and born to HIV-positive mothers, should be investigated for both CMV and HIV infection. HIV-exposed neonates present ing with hepato/splenomegaly and thrombocytopenia at birth should have an HIV-PCR done within the first 48 h of life in order to determine the time of acquisition of HIV infection and enable early initiation of antiretroviral treatment, which is most likely to reduce the mortality observed in this group of patients. * Of the 62 CMV-negative infants, 3 HIV-unexposed neonates did not have an outcome recorded. More than one hospital bed letter was utilised for these patients, due to prolonged hospital stay. Hence, the hospital bed letter where the outcome was recorded was not found.
